In this paper we estimate the increase in the market share of ENERGY STAR-qualified appliances that can be attributed to targetted cash rebates offered by utility companies. To estimate the impact of these incentives we use the variation in timing and size of the utility rebates across the US states. We then use these estimates along with information on the average energy saved by using an ENERGY STAR appliance relative to a non-ENERGY STAR appliance to provide an estimate on the cost per tonne of carbon saved by the rebate program. Our results show that a dollar increase in the rebate leads to a 0.3% increase in the share of ENERGY STAR-qualified clothes washers while the effect of rebates is not significant for dishwashers and refrigerators. Assuming a redemption rate of 40%, we calculate the cost of saving a tonne of carbon through the clothes washer rebate program to be around $158. The corresponding cost of a megawatt hour saved (about $32), is lower than the estimated cost of building and operating an additional power plant and the average on-peak spot price. We conclude that the ENERGY STAR clothes washers rebate programs are a cost-effective way for utilities to reduce energy demand.
Introduction
It is now widely accepted that anthropogenic greenhouse gas (GHG) emissions are the main cause of climate change. The energy sector accounts for approximately 65% of our output of GHGs (International Energy Agency, 2009 ) and thus reducing emissions in this sector is a crucial element of GHG reduction. To reduce GHGs increasing energy efficiency is considered a "low-hanging fruit" because of its low marginal cost.
The World Energy Outlook 2009, published by the International Energy Agency (IEA), highlights the huge potential of CO 2 reductions from increased energy efficiency. The quote by Carl Pope further highlights the importance of energy efficiency. In this paper we analyse a policy in the US that uses financial incentives to encourage the adoption of energy efficient household appliances.
Federal and local governments and utility companies across the US and Canada promote the adoption of energy efficient appliances identified by a voluntary eco-labelling program, the ENERGY STAR label, by offering financial incentives. These incentives are usually in the form of rebates. Some US states have also introduced sales tax holidays on energy efficient appliances. 2 However, in the majority of the cases these sales tax holidays are offered only over an extremely short period of time, e.g. a weekend. The ENERGY STAR label is designed to promote the use of energy-efficient products and thus help to reduce the emissions of greenhouse gases by reducing energy consumption. The adoption of energy efficient appliances has public (reduced GHG emissions) and private (savings in utility bills) benefits. 3 In this paper we ask two questions. First, what is the sales impact of these rebates? Second, is it cost effective for a utility company to offer rebates to its consumers to buy ENERGY STAR labelled appliances?
To study the impact of rebates on the sales of energy efficient ENERGY STAR appliances we use quarterly sales data on the percentage of ENERGY STAR labelled appliances (clothes washers, dishwashers, and refrigerators) for all 50 US states. We combine this with a detailed utility-level and state-level dataset on rebate programs between 2001 and 2006. Our aim is to identify the impact of rebates on sales of ENERGY 1 Wald (2007) 2 Connecticut, Delaware, Florida, Georgia, Missouri,North Carolina, South Carolina, Texas, Vermont, Virginia and West Virginia have introduced sales tax holidays.
3 According to calculations made by D&R International Ltd. the lifetime cost for clothes washers, using the product database from 2007, was $1,883 for a standard model and $1,726 for an ENERGY STAR model. While the median purchase price for a standard model ($573) was much lower than an ENERGY STAR model ($966) the average energy costs for the former were much higher at $1,310 than the latter ($760). 2 STAR appliances by correlating differences in the market share of ENERGY STAR appliance sales with variation in rebate values across and within appliances and across and within US states over time. The panel nature of our dataset allows us to ensure that we do not attribute state level differences, or national level common time effects to the rebate variable. Our results indicate that, on average, a weighted utility rebate of $15 increased the market share of ENERGY STAR-qualified clothes washers by 4.5%. We also find that the utility rebates had no significant impact on the sales of ENERGY STAR-qualified dishwashers and refrigerators.
We then use the above estimates to evaluate the cost of a tonne of carbon emissions saved as well as the cost of a megawatt hour saved. The former cost calculation will enable us to compare the cost with that of the social opportunity cost of carbon while the latter cost will be informative in comparing with the cost of constructing and operating a power plant or the average price of additional electricity bought in the spot market. Both costs depend on the assumption for redemption rates of mail-in rebates, which are the main avenue for these rebates. The cost ranges from $158 to $395 depending on a redemption rate of 40% and 100% respectively. We also calculate the cost of a megawatt hour saved due to having the rebate programs in place for comparisons with the estimated cost of building and operating a power plant as well as the cost of on-peak spot prices. This cost of a megawatt hour saved ranges from around $32 to $80 depending on the redemption rate being 40% and %100 respectively. The lower estimate of $32 per megawatt hour saved is much lower than the cost of constructing and operating the cheapest power plant. 4 Average on-peak prices at $60 are also higher than the cost of rebate programs which means that buying electricity in case demand exceeds supply is more expensive than reducing electricity demand through increased efficiency.
There has been, to the best of our knowledge, no research on evaluating the impact of utility rebates to promote the sale of ENERGY STAR appliances. The utility rebate programs we study in this paper are a part of demand-side management (DSM) initiatives undertaken by utility companies. DSM refers to the "planning, implementation, and monitoring of utility activities designed to encourage consumers to modify patterns of electricity usage, including the timing and level of electricity demand" (Energy Information Administration, 2009). They were initiated in the late 1970s primarily due to rising gas and oil prices. 5 The Energy Information Administration (2009) reports that the total actual peak load reduction achieved in 2007 through DSM was 30,276 MW with 58% being attributed to energy efficiency while the total DSM cost was $2.5 billion. Gillingham et al. (2006) provide a review of, among other things, DSM activities and report the 4 The cost of a coal-fired power plant, according to Du and Parsons (2009) , is the lowest at $62 per megawatt hour. 5 See Eto (1996) , Nadel and Geller (1996) and Nadel (2000) for a history of utility DSM programs in the US.
3 range of negawatt 6 costs calculated in the existing literature to be between $8 and $229 per megawatt hour saved. A recent paper by Arimura et al. (2009) finds that DSM expenditures over the last couple of decades have cost utilities around $60 per MWh saved.
Our focus in this paper is on a specific component of DSM, namely, the utility rebate programs promoting the purchase of energy efficient household appliances. Very few studies have looked at the costeffectiveness of rebate programs in the residential sector. Revelt and Train (1998) estimate the impact of rebates and loans on the choice of efficiency of refrigerators by residential customers of Southern California Edison (SCE) using stated preference data. They predict that the rebate program has led 8.5% customers to switch from a standard-efficiency refrigerator to a high-efficiency one. They also find that loan programs have a greater impact with 22.6% of buyers switching from standard to high efficiency. 7 In a survey of the literature on the various kinds of DSM programs Nadel (1992) shows that the cost per kilowatt hour incurred by a utility in rebate programs ranges from low to moderate 8 and is generally between $14 to $50 per megawatt hour. 9 Nadel (1990) reports the cost to utilities for rebate programs in the commercial and industrial sectors to be $20-30 per megawatt hour.
The rest of the paper is organized as follows. In the next section, we provide a brief overview of the ENERGY STAR program. We then discuss the rebate programs offered by utility companies in section 3 and follow it up with a description of the data, its sources and limitations in section 4. The empirical strategy is laid out in section 5 and the econometric results are discussed in section 6. The penultimate section uses the results from our regression model to calculate the energy saving and cost of the rebate programs while the final section has concluding remarks.
A Brief Overview of ENERGY STAR
The ENERGY STAR program was introduced in 1992 by the United States Environmental Protection Agency (EPA) as a voluntary labelling program designed to promote the use of energy-efficient products and thus help to reduce the emissions of greenhouse gases. Research on the ENERGY STAR program has focused almost exclusively on the energy, dollar and carbon savings or the overall success of the ENERGY STAR program. Howarth et al. (2000) find that the Green Lights and ENERGY STAR Office Products programs 6 "Negawatt" is a term coined by Amory Lovins of the Rocky Mountain Institute to refer to a watt of electricity that does not have to be produced due to an energy saving process in place. 7 See Train and Atherton (1995) for a similar paper. 8 This is based on rebate programs for commercial and industrial as well as residential sectors. 9 We hereon, convert all figures originally reported in kilowatt hours to megawatt hours for consistency. 1 megawatt hour (MWh) = 1,000 kilowatt hours (kWh). have very little effect on the demand for energy but improvements in energy efficiency lead to one-to-one reductions in energy use. In terms of calculating savings estimates, Webber et al. (2000) conclude that 740 petajoules of energy has been saved 10 and 13 million metric tons of carbon avoided due to the ENERGY STAR program. In a more recent study, Sanchez et al. (2008) estimate that ENERGY STAR-labelled products have saved 4.8EJ of primary energy and avoided 82Tg C equivalent. 11 .
In this paper, we focus on the ENERGY STAR program for clothes washers, dishwashers and refrigerators. The market share of ENERGY STAR qualified clothes washers has increased from 10% in 2001 to almost 38% in 2006. ENERGY STAR qualified dishwashers have captured a little more than 92% of the market in 2006 as compared to around 10% in 2001 ( Figure 1 ). Figure 1 shows the high penetration of ENERGY STAR qualified dishwashers when compared to clothes washers and refrigerators.
Utility Rebates
In 1998, ENERGY STAR qualified clothes washers in the northwestern part of the United States were promoted through rebates and incentives offered by the Northwest Energy Efficiency Alliance. Supplemental 10 1 petajoule = 10 15 Joules. 740 petajoules is equivalent to 205.5 × 10 6 MWh. 1 MWh = 3.6 × 10 9 Joules. 11 1EJ (Exajoule)=10 18 Joules. 4.8EJ is equivalent to 1.3 × 10 9 MWh. 1Tg (Teragram) = 10 12 grams 5 rebates and financing was offered by a number of utilities in Washington, Oregon, Montana and Idaho (ENERGY STAR Sales Report, 1999) . Similarly, most utility companies in California and several utility companies in New England (through the Northeast Energy Efficiency Partnerships, Inc.) and Wisconsin also supported the sale of ENERGY STAR appliances (ENERGY STAR Sales Report, 1999). The same regions experienced a much larger penetration of ENERGY STAR qualified clothes washers than other regions.
While the savings to consumers, in terms of lower utility bills, are quite obvious there are a number of reasons why utilities would want to promote the use of ENERGY STAR products. 12 The literature on DSM argues that promoting energy efficiency costs less than building new power plants. There are also environmental reasons. Utility companies need to follow a number of environmental regulations. There are emissions control strategies in place and saving energy on the margin will allow the more polluting plants to be removed from producing electricity. Reducing electricity demand also reduces the need to upgrade the transmission and distribution network. Lastly, reducing peak demand combined with reducing energy demand can lead to grid reliability.
Data Description
We use data from a number of sources. The sales data of ENERGY STAR-qualified appliances are from the 
ENERGY STAR Sales
The ENERGY STAR website 13 has data on sales of the four major appliances, viz. clothes washers, dishwashers, air conditioners and refrigerators. The data are disaggregated by the type of major appliance in each US state by quarter from 2001 to 2006. We exclude air conditioners from our analysis due to missing data. Sales of appliances are categorized into ENERGY STAR and non-ENERGY STAR units. The appliance manufacturers report the sale of ENERGY STAR units to the US EPA every year. For obtaining sales figures 12 Benefits to consumers can be seen by comparing the average energy use of an ENERGY STAR and a non-ENERGY STAR qualified appliance. See Table 6 for information on the energy used by an average ENERGY STAR versus an average non-ENERGY STAR clothes washer and 
Utility Rebates
Financial incentives are in the form of rebates that vary in amount as well as form across utility companies and across different appliances. Information about rebates and incentives provided by utilities between 2001 and 2006 was obtained from D&R International Ltd. This includes details of the incentive type, the program name, the amount of rebate offered, a summary of the rebate with the period of time the rebate is offered and the appliances or products to which the rebate applies. 
Demographic and Electricity Data
We use state quarterly personal income estimates from the US Bureau of Economic Analysis to measure income. 15 The Current Population Survey (CPS) is a monthly household survey conducted by the Bureau 14 Our preferred specifications use weighted rebates. However in the text we also report results from using a simple average of utility rebate offered. We have also analysed the impact of utility rebates after controlling for state level sales tax rebates on ENERGY STAR appliances. Unlike the utility rebates, which last typically for an year or more, most state level rebates typically lasted for a few days during a year. These results are not reported in the text and can be requested from the authors. We find that the results of regressions controlling for the sales tax rebate are essentially the same as those reported in this paper. Coefficients on the sales tax rebates are not significant. This is because these rebates were in place only for a few days and since we are using quarterly sales data it is hard to identify their impact. 15 Personal income is the income received by all persons from all sources. of Labor Statistics to measure participation and employment of the US labour force. The CPS has details on the highest level of education obtained. We construct a measure of education, 'Having a degree', that gives us the fraction of people in a particular US state to have completed a degree of any kind. 16 Electricity prices are from the (Energy Information Administration, 2008) of the US Department of Energy. We calculate the quarterly price for each state from 2001 to 2006 using the monthly retail price for electricity in the residential sector.
Empirical Strategy
The timing and size of rebates varies across states and time. We use these variations to estimate the impact of the utility rebates on the sales of ENERGY STAR labelled clothes washers, dishwashers and refrigerators.
In addition there are several states that did not provide any such incentives to its customers. Our depen- 
where c is the index for the appliance type (i.e. clothes washer, dishwasher or refrigerator), i is the US state index and t is the year-quarter time index. The β 2c coefficients on the right-hand side are our variables of interest since they indicate the effect of the rebate offered on a particular appliance on the market share of that particular appliance. X cit is a vector of controls and ε cit is the standard i.i.d. error term.
This specification enables us to estimate the impact of incentives provided by utility companies as well as control for various other factors that may affect the share of ENERGY STAR appliances. 17 A positive estimate for all three β 2c coefficients would imply that the rebates are having a favourable impact and that the utility companies are being successful in encouraging people to switch to more energy-efficient technologies. In our set of controls, among other time and state dummies, we also include the fraction of the population having at least a degree, the average personal income (in logarithmic form) for each US State, and the price of electricity. Summary statistics are presented in Table 3 .
Recall that data on rebates are at the utility level. For our aggregation to the state level we present results of two indicators. We first use the average rebate amount in a state. We construct this by calculating the simple average of all the rebates given by utility companies in a state in a particular quarter for a particular If we consider the average rebate amount and the average weighted rebate amount we see that clothes washers get a much higher rebate amount when compared to dishwashers and refrigerators. The number of rebates as well as the average amount of a rebate is lowest for dishwashers.
We use both fixed and random effects panel data regression models. In the specifications we first observe the effects of the utility rebates on the market share of ENERGY STAR appliances without controlling for any other factors. We then introduce demographic variables, namely the average personal income (in logarithmic form), the fraction of people having degrees and also electricity prices. In the third specification we interact the appliance dummies with quarter dummies to control for any seasonality that may exist.
Lastly, we introduce year-quarter time dummies interacted with the appliance dummies that will capture all changes over time. Since we have state fixed effects in our fixed effects specification introducing yearquarter dummies will take into account most of the variation that may occur. This is, therefore, the most 11 comprehensive and our preferred specification.
Results
We now present the results of the specifications and describe the methods used to estimate the coefficients.
The dependent variable in all the specifications is the log of share of ENERGY STAR appliances.
It is often customary while reporting panel regression results to report the results from the pooled OLS specification. In the interest of preserving space we have left out the pooled OLS results. This is because the F -test of the null hypothesis that the constant terms are equal across all the states is rejected. In other words, there are significant state level effects which implies that pooled OLS would be inappropriate. In the main text of this paper we only present results from a fixed effects panel data specification with our preferred weighted average rebate variable (see Table 5 ). The fixed effects specification with the simple average rebate variable is in Table 9 of Appendix A. The alternative random effects estimation (presented in Tables 10 and 11 in Appendix A.1) assumes exogeneity of all the regressors with the random individual effects. 18 This is a strong assumption that may not be realistic in our case. We use a test for overidentifying restrictions to test for fixed versus random effects and find that the hypothesis of the regressors being orthogonal to the state-level fixed effect is rejected. 19 For this reason the fixed effects specification is our preferred specification.
The columns FE1, FE2, FE3 and FE4 in Table 5 estimate eq.(1) using a fixed effects panel data model. In column FE1 we do not have any controls for demographics or the effect of time. In FE2 we introduce demographics, FE3 has dummmy variables for quarters while FE4 is the most comprehensive specification with dummies for each of our time periods. Since we are using market shares of all three household appliances, viz. clothes washers, dishwashers and refrigerators, we have appliance dummies to control for the type of appliance. As mentioned before, the coefficients of interest are the ones for the appliance type interacted with the average rebate amount. The baseline is the case where there are no rebates. A positive coefficient for the interaction of appliance type with average rebate amount would indicate a favourable effect on the ENERGY STAR sales share of the appliance due to the rebate.
The results in Table 5 show that while utility rebates for clothes washers show a positive and significant effect the effect is not the same for dishwashers and refrigerators. The effect, while positive and significant 18 Random effect models are better suited to estimating models that have time-invariant independent variables. They are also more efficient than fixed effects models. 19 We use the xtoverid command (Schaffer and Stillman, 2006) in STATA.
for dishwashers in FE1, FE2 and FE3 loses its significance in FE4. The impact of rebates is not significant for refrigerators. The FE4 specification indicates that the effect is not as robust for dishwashers and refrigerators as it is for clothes washers.
We choose the FE4 specification over FE2 and FE3 because it is the most comprehensive specification.
Results from our preferred specification, FE4 from Table 5 , show that a $1 increase in utility rebates will lead to a 0.3% increase in the share of ENERGY STAR clothes washers but the effect is not significant for dishwashers and refrigerators.
We should note, however, that the average weighted clothes washer rebate is around $15. Therefore, a $15 increase leads to a 4.5% in the share of sales of ENERGY STAR clothes washers. We can conclude that the rebate programs have had a positive and significant effect on clothes washers but they have not made much impact on the other appliances.
If we consider other controls in explaining the sales of ENERGY STAR appliances we see that there is a positive effect of average personal income. We expect wealthier people to buy ENERGY STAR appliances since they are, on average, about $350 more expensive than non-ENERGY STAR models. Our result is similar to that in the literature of tax incentives on the sales of hybrid cars, e.g. in Gallagher and Muehlegger (2008) , which have shown that the effect of income is positive. The effect of earnings in our regressions results is positive and significant. We also look at the effect of education on the purchase of energy-efficient appliances. We find that the higher is the fraction of people having a degree in a state the more likely they are to purchase an ENERGY STAR clothes washer. This could be due a greater awareness of ENERGY STAR products and appliances, or a greater concern for the environment. Note that these two effects, become insignificant when we include time dummies. We expect the coefficient for the price of electricity to be positive implying that a higher cost of running appliances would cause people to switch to more energy-efficient ones. This is borne out in our specification. However, on including quarter dummies, this coefficient becomes insignificant.
The coefficients for dishwasher rebates and refrigerator rebates are negative but insignificant and positive but significant respectively. However, the significance for refrigerator rebates is significant at only 10%.
Also, the sign is not consistent over all our specifications which is the reason why we have not considered refrigerators in the implications for policy. There are a couple of reasons why we believe that rebates for dishwashers are not effective. The efficiency standard for dishwashers has not been changed very frequently to allow for changes in efficiency of the dishwashers in the market. As a result, a huge percentage of dishwashers in the market were ENERGY STAR-rated and therefore, rebates may not have had an im- pact. Secondly, the frequency and average amount of rebates for both dishwashers and refrigerators were lower than rebates for clothes washers. The rebates may not have persuaded the marginal consumer to make the switch from a non-ENERGY STAR-rated machine to an ENERGY STAR-rated one. However, these are merely hypotheses and it may prove to be a future area of research to isolate the causes, if any, of a difference in the effects of rebates for different appliances.
Policy Implications
We use estimates from our preferred specification, FE4 from Table 5 , to examine the effect of utility rebates.
Since the coefficient for clothes washers rebates is robust over specifications FE2 to FE3 we only consider clothes washers and exclude dishwashers and refrigerators for calculating the cost of the rebate programs.
We first perform a counterfactual exercise in which we assume that none of the states have a utility rebate in place, i.e. β 2c = 0 in Eq.1. This gives us the market share of ENERGY STAR clothes washers if no utility rebate had been offered, sayỹ. Since the estimated coefficient of the effect of the utility rebate variable is positive, the market share for ENERGY STAR clothes washers will be lower than the fitted values using the original estimating equation, sayŷ. We use the ratio of these fitted values,ỹ y and multiply it with the actual market share to obtain the counterfactual market share if there had been no rebate. The difference between the counterfactual and the actual market shares is the effect of the utility rebates.
Note that we have used the share of ENERGY STAR appliances in our regressions. But to carry out the counterfactual exercise we need unit sales. We have yearly but not quarterly unit sales figures of clothes washers in every US state from 2001 to 2006. However, we do have the quarterly unit sales figures for the overall US. Therefore, to get an approximate value of the quarterly unit sales in each US state we use the overall US quarterly unit sales figures to get an approximate value of the quarterly unit sales. This will account for the seasonality in sales that may exist. So, e.g., the yearly unit sales in California in 2001 were 766,500. The first quarter unit sales overall in the US were approximately 26% of the annual unit sales in 2001. We assume the first quarter unit sales in California (in 2001) to be 26% of 766,500.
We use these imputed values to obtain the increase in the units of ENERGY STAR clothes washers sold in each state, i, in time t given by
where IUS it is the increase in units sold of ENERGY STAR clothes washers, AUS it is the actual imputed units sold, AMS it is the actual market share and CUS it is the counterfactual imputed units sold.
The total carbon saving, TCS it , is
where ∆Energy Use is the difference in the energy use between an average ENERGY STAR and an average To transform the energy saved into the amount of carbon equivalent saved we use the carbon emissions factor obtained by Sanchez et al. (2008) from the Cadmus Group. The carbon emissions factor is assumed to be 0.203 kg C/kWh. 20 Therefore, total energy saving is in terms of kg carbon equivalent forgone. We find that the energy saved leads to an equivalent carbon saving of around 78 thousand tons.
The total rebate outlay, Total Rebate it , in state i in time t is given by
where Utility Rebate it is the average weighted rebate amount. This assumes that redemption rate for rebates is 100%. However, according to Spencer (2002) , the redemption rate of mail-in rebates for typically high-value products having a high rebate value is around 40%. 21 After accounting for instant rebates we calculate the cost of carbon emissions forgone using both redemption rates to get a range of the cost. A 100% redemption rate on mail-in rebates leads to a rebate spending of $36.34 million while assuming a 40% redemption rate reduces that figure to $14.54 million. Using the figures for the rebate outlay this translates to a cost of $426 for every ton of carbon emissions forgone when the redemption rate is 100% while the cost falls to $171 with the lower redemption rate of 40%. If we compare the cost of reducing a ton of carbon to the social cost of carbon as estimated by Nordhaus (2007) , which is $17 per ton, we find that utility companies end up paying much higher for greenhouse gas reductions. However, our lower estimate of $171 per ton compares favourably with the larger estimate of the social cost of carbon ($350 per ton) obtained by Stern (2007) .
There may be concerns of a "rebound effect". This could happen when the purchase of a high-efficiency clothes washers results in higher usage and, therefore, eliminates the energy saving made by switching from a standard efficiency machine. However, Davis (2008) uses household-level data from a field trial to
show that the gains from the energy saving are not offset by higher usage. The field trial in Bern, Kansas (population approximately 200) was conducted to estimate the energy and water savings of h-axis clothes washers by replacing the more inefficient v-axis washers of the participating households (Tomlinson and Rizy, 1998) . Davis (2008) estimates a demand function for clothes washing and finds the price elasticity of utilization to be very low at -0.06. We can, therefore, assume that the "rebound effect" is not significant in terms of estimating the energy saving.
As mentioned before, one of the reasons why utilities have Demand Side Management programs, like rebates, in place is to reduce peak demand. For utility companies in a state with very little electricity supply, like California, the cost of buying peak power when demand exceeds supply is very high. The other option is to start peaking plants that are usually natural gas and are very expensive to start up and run. Assuming a redemption rate of 40% the cost, per megawatt hour, of the utility rebate programs comes to around $32 while it is $80 for a 100% redemption rate. These are obtained by multiplying the cost per ton ($158) with the carbon emissions factor (0.203 kg C/kWh). The lower estimate cost compares very favourably to the Source: Du and Parsons (2009) , original values are in cents/kWh. average on-peak spot prices for electricity. Table 12 shows the figures for on-peak as well as off-peak spot prices at different pricing points. The mean of average on-peak prices from 2003 to 2006 is $60 which is considerably higher than the cost of the rebate programs. The mean of the minimum average on-peak spot prices over the four years, $48, is also higher than the cost of the rebate programs. We can, therefore, conclude that the rebate program for clothes washers has been successful for utility providers that are looking to reduce the demand for electricity by providing incentives to consumers for switching to more energy-efficient models.
Since utilities are also concerned about the costs involved to build and operate additional power plants we can compare the costs of the rebate programs to that of building one. Du and Parsons (2009) 
Conclusion
In this paper we have looked at the effectiveness of rebates provided by utility companies on the sales of ENERGY STAR appliances by utilizing the variation in timing and size of the utility rebates across US states. The results indicate that these programs have had a positive and significant impact on the market share of high efficiency clothes washers but not on refrigerators and dishwashers. We find that an increase in a dollar value of rebate leads to a 0.3% increase in the share of ENERGY STAR-qualified clothes washers.
Since the average (weighted) rebate for a clothes washer is around $15 this translates to a 4.5% increase in the share of energy-efficient clothes washers. In terms of the impact of these rebates in terms of the cost of carbon emissions forgone we find that utility rebates lead to a reduction of 78 thousand tons of carbon equivalent. Using the amount spent by utility on providing rebates we find that, over the lifetime of a clothes washer, this leads to a cost of $158 for each ton of carbon equivalent emissions forgone. The costeffectiveness of clothes washer rebate programs in terms of megawatt hour is $32. Utilities are, therefore, better-off providing incentives to their customers instead of having additional power plants that are costlier to build and operate. This figure is consistent with the cost-effectiveness of DSM initiatives that, according to various authors, range from between $8.9 and $253.7.
An important feature of this paper is the use of utility-level rebate programs that have been aggregated up to the state level. This allows us to capture the effect of these DSM programs on the market share of energy-efficient ENERGY STAR appliances. However, this is also a limitation of our analysis since we would, ideally, have preferred to use utility-level sales data to capture the effect more precisely. There have been relatively few papers that have an ex post analysis of specific DSM programs. Our aim was to take one particular aspect of DSM and analyse its cost-effectiveness. The study of other DSM components should be the agenda for future research. There are many supporters and a few opponents of DSM and it is important to resolve the argument about the benefits of DSM. 
